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ABSTRACT 
 
In recent years, the demand for environmental friendly materials based on biodegradable polymer and natural 
fiber has growth interest. In this work, oil palm empty fruit bunch (palm fiber) reinforced polylactic acid 
composites in sandwich form were processed by compression moulding. However there were several limitations 
especially related to the fiber-matrix adhesion.  So the OPEFB fibers were treated by γ- aminopropyl 
trimethoxysilane (APS) or methyl trimethoxysilane (MS) and coated by polylactic acid (PLA) in varied 
percentage (5%, 10% and 15%). The effect of APS, MS and PLA coating on the flexural and dynamic 
mechanical properties of palm fiber/PLA composites was examined. The flexural properties of composites were 
found to increase with increasing fiber coating and improved by introduction of APS. It was also observed that 
the APS, MS treated fibers and PLA coating fibers have improved the dynamic mechanical properties of the 
composites respectively.  
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INTRODUCTION 
 
Nowadays, the utilization of natural fibers in composite materials has been growing interest. Natural fibers have 
offered several advantages compared inorganic fibers like low density, recyclable and biodegradability. In 
addition, they are renewable materials and have relatively high strength and stiffness [1]. Oil palm empty fruit 
bunch fiber is an example of natural fibers which is a waste product of palm oil industries. In Malaysia, the 
amount of EFB waste generated is estimated to be around 8 million tones per year. Thus, a considerable 
research is needed to find useful application for EFB. 
 
However in producing natural fiber composites, the most important problem is the fiber-matrix adhesion 
because the properties of composites influenced by interfacial interaction between natural fiber and matrix. It 
has been reported that adhesion between fiber and matrix can be improved by using coupling agent like 
3-(trimethoxysilyl) -propylmethacrylate. The coupling agent is incorporated hydroxyl groups on the matrix and 
increases the wetting effect of the resin on the fibers [2].  
 
In this research, composites were prepared from polylactic acid (PLA) in combination with oil palm empty fruit 
bunch fiber (palm fiber). The objective is to characterize the mechanical and dynamic properties of composites, 
influenced by fiber treatment and coating.   
 
 
MATERIALS AND METHODS 
 
Materials 
 
Polylactic acid with density of 1.17g/cm3 was obtained from Mitsui Chemical Co. Ltd. Palm fiber sheet was 
received from University of Technology Malaysia. For the fiber treatment, γ-aminopropyl trimethoxysilane 
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(APS) with molecular weight of 183.3 was supplied by Shin-etsu Silicon Co. Ltd and methyl trimethoxysilane 
(MS) with molecular weight of 136 was supplied by Toraw Dow Corning Silicon Ltd. 
 
Composites having 3 mm thickness were prepared by sandwiching the fiber between two layers of polylactic 
acid (PLA) sheets. The sandwich composites were compressed by hot-compression moulding with pressure of 
2.2 MPa, temperature of 190℃ for 10 minutes. 
 
Palm fibers used for composites were in mat form. They were treated with 1% solution of γ-aminopropyl 
trimethoxysilane (APS) or methyl trimethoxysilane (MS) in distilled water for 3 minutes and cured in vacuum 
oven at 110℃ for 20 minutes. Then the treated fibers were cleaned in methanol for 10 minutes before dried at 
room temperature for 24 hours.  
 
For the fiber coating, PLA pellets were dissolved in heated tetrahyrofuran (THF) solution with various 
compositions (5%, 10% and 15%). The fibers were dipped into the solvent for 5 minutes, followed by drying at 
60℃ for 2 hours.  
 
 
RESULTS AND DISCUSSIONS 
 
Thermogravimetric analysis was carried out to measure the thermal degradation of the samples. The TGA 
curves of palm fiber, APS treated palm fiber and MS treated palm fiber are represented in Fig. 1 respectively. 
For the palm fiber, APS treated and MS treated palm fiber, the first weight loss about 15% to 20% is observed 
between 30℃ and 120℃ corresponds to the heat of vaporization of water and dehydration of the fiber. In the 
case of palm fiber, the decomposition is started at a temperature of 249℃ and about 75.9% of weight loss is 
measured at temperature of 595℃. The weight loss is primarily attributed to thermal depolymerization of 
hemicelluloses, the cleavage of glucosidic linkage of cellulose and further breakage of the decomposition 
sample. For the treated palm fiber, APS and MS, the decomposition of the both palm fiber are shifted to higher 
temperature than untreated palm fiber which indicates a better thermal stability for treated palm fibers.  
 
20
30
40
50
60
70
80
90
100
0 100 200 300 400 500 600
Palm fiber
APS palm fiber
MS palm fiber
W
ei
gh
t r
em
ai
ni
ng
(%
)
Temperature(℃)
 
Figure 1: Thermogravimetric curves of palm fiber, APS treated palm fiber and MS treated palm fiber. 
 
 
Fig. 2 shows the density results of untreated composites, APS and MS treated composites. From the figure, it is 
seen that the densities of untreated composites, APS and MS composites are increased with increasing of PLA 
fiber coating percentage. Composite with 15wt% of PLA fiber coating has the highly value of density which is 
about 43.5% of increasing over the composite without fiber coating. By increasing the weight percentage of 
PLA coating, the amount of PLA that adhered on the palm fiber surface is expected to be increased. For the 
composite with 15wt% of PLA fiber coating, the PLA is not just adhered on the palm fiber surface but also 
considered to fill into the space between fibers. The density of neat PLA is measured about 1.205 g/cm3 and this 
is the reason of increasing in density of composites. Comparison between untreated and treated composites, it is 
clearly seen that the density of treated composites are higher than untreated composites for the each fiber 
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coating percentage. This is indicates an improvement on fiber-matrix adhesion when the fiber is treated by APS 
and MS. 
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Figure 2: Densities of untreated composites, APS and MS treated composites 
 
Flexural properties (flexural modulus and flexural strength) of untreated composites, APS and MS treated 
composites are shown in Figs. 3 and 4 respectively. From these figures, it is observed that the flexural properties 
of untreated composites and treated composites are increased by the increasing of PLA fiber coating percentage. 
Compared to the untreated composites, the flexural properties of APS and MS treated composites are found to 
be higher at all of PLA fiber coating percentage. Thus, the results indicate that the APS and MS treatments are 
able to enhance the stiffness of the composites due to compatibility between palm fiber and PLA matrix. For the 
composites with 15wt% of PLA, even the flexural properties of treated composites are higher than untreated 
composites, the high flexural properties of the treated composites can be assumed not really effected by the APS 
and MS fiber treatment. It is mainly contributed by the fiber coating. This is clearly seen in these figures which 
showed the high value of flexural properties of untreated composites even without fiber surface treatment. 
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 Figure 4: Flexural Strength of untreated 
composites, APS and MS treated composites. 
Figure 3: Flexural Modulus of untreated 
composites, APS and MS treated composites.  
 
 
Fig. 5 shows the effect of APS and MS treatment on dynamic mechanical properties of composites compared to 
the untreated composites. This figure also shows the dynamic mechanical properties of neat PLA. It is observed 
that the tanδ peak’s magnitudes of composites are lower than neat PLA. This is because the fibers carry a greater 
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extent of stress and allow only small part of it to strain the interface. Therefore, energy dissipation will occur at 
the interface and at interface with stronger interface, characterized by less energy dissipation. Composite 
materials with poor bond between fiber and matrix will tend to dissipate more energy and show high magnitude 
of tanδ peak compare to materials with stronger bond. This is the reason why the tanδ peak’s magnitudes of 
APS and MS treated composites are lower than untreated composites. The tanδ peak’s temperatures of treated 
composites also show higher temperature than untreated composites indicating a good adhesion between fiber 
and matrix. 
 
The effect of PLA coating on dynamic mechanical properties of composites are shown in figs. 6, 7 and 8 
(untreated composites, APS treated composites and MS treated composites). For the untreated composites, it is 
observed that the storage modulus (E’) values of composites with PLA coating are higher than composites 
without PLA coating indicating higher dynamic stiffness. From the loss tangent (tanδ), the tanδ peak 
temperature of composites with PLA coating are found to shift to higher temperature than composites without 
PLA coating indicating a good adhesion between fiber and matrix. For APS and MS treated composites, it is 
also observed that the E’ values of composites with PLA coating are higher than composites without PLA 
coating. These is similar reason to untreated composite which may well be influenced by better wetting between 
fiber and matrix and allow greater degree of stress transfer at interface. Therefore, increase the stiffness of 
polymer matrix. It is also revealed by tanδ peaks which show the tanδ peak’s magnitudes of composites with 
PLA coating are lower than composites without PLA coating. 
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Figure 6: Effect of PLA coating on dynamic mechanical 
properties of untreated composite.s 
Figure 5: Effect of APS and MS on dynamic mechanical 
properties of composites. 
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Figure 8: Effect of PLA coating on dynamic mechanical 
properties of MS treated composites. 
Figure 7: Effect of PLA coating on dynamic mechanical 
properties of APS treated composite.s 
 
 
 
The morphology of the fracture surfaces of untreated composites, APS and MS treated composite with 5, 10 and 
15wt% of PLA fiber coating are illustrated in Figs. 9, 10 and 11 respectively. It is observed that for the all 
composites, the amount of PLA which adhered on the surface of palm fiber is increased with the increasing of 
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PLA fiber coating. For the untreated and treated composites with 5wt% of PLA fiber coating, it can be seen that 
that the surface of palm fiber is not fully adhered by PLA probably due to the lower volume of PLA. In case of 
untreated composites with 10wt% and 15wt% of PLA coating, the palm fiber surface is observed to be fully 
adhered by the PLA. However the PLA which adhered in palm fiber surface showed a feel off indicates a poor 
adhesion between and matrix. For the APS and MS treated composites with 10wt% and 15wt% of PLA fiber 
coating, it is clearly seen that the PLA is fully adhered on the palm fiber surface and showed no peel off which 
is indicates a good connection between fiber and matrix. However for the 15wt% PLA fiber coating, it is 
observed that a large amount of PLA is adhered on the palm fiber surface. The PLA is expected not just fully 
adhered on the palm fiber surface, but also filled into the space between fibers. This phenomenon is revealed 
that the high value of density, flexural properties and dynamic mechanical properties of treated composites with 
15wt% of PLA fiber coating is not just affected by APS and MS treatment but also contributed by the high 
volume of PLA which adhered on the surface of palm fiber. 
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Density of composites is found to be increased with the increasing of PLA fiber coating percentage and 
incorporation of APS and MS treatment. These results are revealed that the increasing of PLA coating 
percentage and incorporation of APS and MS treatment is increased the PLA amount which adhered on the 
surface of palm fiber.  
 
The flexural properties of composites are found to increase with the increasing of fiber coating percentage and 
incorporation of APS and MS treatment. From the results, it can be assumed that with the increasing of PLA 
fiber coating percentage up to 15wt%, the effect of APS and MS treatment in improving the flexural properties 
is reduced. The high flexural properties are mainly contributed by the PLA coating. 
Dynamic mechanical properties of composites are found to be improved by PLA fiber coating, APS and MS 
fiber treatment.  
 
The effect of fiber treatment and fiber coating on adhesion properties of composites are shown by SEM 
micrograph. The micrographs show the increasing in amount of PLA which adhered on palm fiber surface when 
the increasing of fiber coating percentage.  With the APS and MS treatment, it can be seen from the SEM 
micrographs that the PLA is well adhered on the palm fiber surface, showed a good fiber-matrix adhesion. 
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